ITP-UWr-921-98 
TUW-98-23 
|hep-th/9811022 

October 27, 1998 
misprints corrected January 1999. 



Tensorial Central Charges and New Superparticle 
Models with Fundamental Spinor Coordinates 

a 

Igor Bandos f] and Jerzy Lukierski 2) [] 

^ Institute for Theoretical Physics 
Technical University of Vienna 
CN ■ Wiedner Haupstrasse 8-10 

^ i A- 1040 Wien, Austria 

Csj \ e-mail: bandos@tph32.tuwien.ac.at 

^Institute for Theoretical Physics 
University of Wroclaw 
50-204 Wroclaw, Poland 
e-mail: lukier@proton.ift.uni.wroc.pl 



Oh! 



- 1—1 

X 



Abstract 



5— 1 

We consider firstly simple D = 4 superalgebra with six real tensorial central 
charges Z^, and discuss its possible realizations in massive and massless cases. 
Massless case is dynamically realized by generalized Ferber-Shirafuji (FS) model 
with fundamental bosonic spinor coordinates. The Lorentz invariance is not bro- 
ken due to the realization of central charges generators in terms of bosonic spinors. 
The model contains four fermionic coordinates and possesses three K-symmetries 
thus providing the BPS configuration preserving 3/4 of the target space supersym- 
metries. We show that the physical degrees of freedom (8 real bosonic and 1 real 
Grassmann variable) of our model can be described by OSp(8\l) supertwistor. The 
relation with recent superparticle model by Rudychev and Sezgin is pointed out. 
Finally we propose a higher dimensional generalization of our model with one real 
fundamental bosonic spinor. D = 10 model describes massless superparticle with 
composite tensorial central charges and in D = 11 we obtain O-superbrane model 
with nonvanishing mass which is generated dynamically. 
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1 Introduction 



Recently it became clear that in supersymmetric theories besides scalar central charges, 
which are present in conventional D=4 Poincare supersymmetry scheme of Haag, Lo- 
puszahski and Sohnius fl|] one should consider also nonscalar generalized central charges: 
- tensorial 0-0 or even spinor ones |7|, §]. Such generalized central extension of standard 
N — 1 D-dimensional supersymmetry algebra {Q a , Qp\ = i^^pPm can be written in the 
form 

{Qa, Qp} = Z a p, (1.1) 

where Z a p is the most general symmetric matrix of Abelian generalized central charges. 

The tensorial central charges Z mi "' mp appear through decomposition of the symmetric 
matrix Z a(i on the basis defined by the products r (p) = T mi - m " = T^ mi . . .T m ^ of D- 
dimensional T m matrices. 

z aj 3 = (r m c) (a/3) p m + ^2 (r mi ... mj ,c) z mi --- mp , (1.2) 

symmetric 

It should be noted that, as only symmetric matrices are really involved on the right 
hand side of ( |1.2|) , for particular dimensions and signatures one can also consider the 
superalgebras ( |1.2| ) without the momenta P m described by the term linear in T m . 

Main aim of this paper is to discuss the appearance of the tensorial central charges in 
the case of 'physical' D = 4 (D = 1 + 3) supersymmetry. If, for simplicity, we consider 
N = 1 supersymmetry, one can generalize the standard D = 4 superalgebra as follows 

{Qa,Qb} = Z A b, {QaiQb} = Zabi (1-3) 
{Qa, Qbs = Pabi 

where (Qa)* = Qa> (Fab)* = ^bai (Zab)* = Z AB an d srx re& l commuting central charges 
Z^ u = —Z vll are related to the symmetric complex spin-tensor Zab by Q 

Z^ = l - (Z AB a^ ~ Z A b<t£?) • (1-4) 

Thus the spin-tensors Z A b an d Z AB 

i i 
Zj A B - -/^VaB' l ab - ~1 Zj ^ it ab 

represent the self-dual and anti-self-dual parts of the central charge matrices. 

The tensorial central charges ( |1.4| ) commute with fourmomenta = ^cr^ A P AB and 
transform as a tensor under the Lorentz group with generators M^ v = —M VIX (rj^ = 
diag(l, -1, -1, -1)) 

[Mfu,, Z pX ] = -iiVfipZisx - VvpZfi\ ~ V^\Zup + VuxZ pp ). (1.5) 

In this paper we shall consider two aspects of the appearance of tensorial central 
charges in D = 4 superalgebra: 

1 For two-component D = 4 Weyl spinor formalism see e.g. We have 
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i. Their impact on the superalgebraic representations - in Section 2. We consider 
separately massive (P^P^ > 0) and massless = 0) cases. We recall that in the 

massless case half of the fermionic degrees of freedom can be eliminated what leads to the 
shortening of the massless supermultiplets and, hence, only N = 1/2 supersymmetries 
acts nontrivially. It appears that the presence of particular form of the central charge 



K»P V - K V P^ 



1.6) 



provides the additional shortening of the massless super mult iplet (with N = 1/4 super- 
symmetry realized nontrivially). 

ii. Their dynamical consequences - in Section 3. The formula ( |1.6| ) for tensorial central 
charge can be derived from the generalized Ferber-Shirafuji (FS) model |T0| , |i~T|1 with 
fundamental spinor coordinates X a = (Xa, X a ) and additional central charge coordinates 
z AB = z BA = [z AB ]*. In such a model three Grassmann degrees of freedom out of four are 
pure gauge and can be gauged away by ^-transformations fli~2f. In the language of brane 



physics H H, H, |13| such model corresponds to BPS configuration preserving 3/4 of the 
target space supersymmetry. Such configurations were not known before. 

The model can be reformulated in terms of two Weyl spinors A^, ^a and one real 
Grassmann variable ( expressed by the generalization of supersymmetric Penrose-Ferber 
relations [|1C], |Tl|, |15[ between supertwistor and superspace coordinates. Such reformulation 
is described by OSp(8\l) invariant free supertwistor model with the action 



S = ~\J drY A G AB Y B 



;i-7) 



where Y4 
and 



(7/1, . . . , ys', C) = (Aa,/i a ,C) is t ne real 50(811) supertwistor (see e.g. [1 1 
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is the 05^(811) supersymplectic structure with bosonic Sp(8) symplectic metric 

uj^ = —(lu ( - 8 ^) t . It should be mentioned therefore that due to the presence of tensorial 



central charges the standard SU(2, 2|1) supertwistor description [10], |TT| [15], 0, [Tj, |18| of 
the Brink-Schwarz (BS) massless superparticle |]T3 with one complex Grassmann coordi- 
nate is replaced by a model with OSp(8\l) invariance and one real Grassmann degree of 
freedom. 

It should be stressed that by the use of spinor coordinates in the presence of tensorial 
central charges 

• we do not increase the initial number of spinor degrees of freedom (four complex 
or eight real components) in comparison with the model without tensorial central 
charges; 

• we keep the manifest Lorentz invariance despite the presence of tensorial central 
charges. 
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In fact, when we use our formulae (see Section 3) 



Pab ~ ^aX b , Zab — X A X B , Z ab — X A X B (1.9) 

we find that, in comparison with standard FS model (P AB = X A X B , Zab = Z AB = 0), 
only the phase of spinor Xa becomes an additional physical bosonic degree of freedom. 

We also show that our model can be related with generalized superparticle model of 
Rudychev and Sezgin f2(|. In Section 4 we will describe the Rudychev-Sezgin model for 
D = 1 + 3 and find the general solution of the BPS constraint |2(J in terms of two bosonic 
spinors (X A ,fi A ). It appears that by putting u A = and fixing one normalization factor 
we arrive at our model. 

In Section 5 we propose a generalization of our model for D > 4 with one real funda- 
mental spinor. In D = 10 the model describes a massless superparticle with composite 
tensorial central charges. In D = 11 we get the 0-superbrane model with mass generated 
dynamically in a way analogous to the brane tension generation [21 . 

In Section 6 we present final remarks. 



2 On representations of N = 1, D = 4 superalgebra 
with tensorial central charge 



In order to describe the supersymmetry multiplets for the algebra (|1.3j ) we shall consider 
supercharges Q A , Q A in a particular Lorentz frame. We shall consider separately the 
massive P^P^ = M 2 > and massless P^P^ = cases. 

M 2 > 0: 

We choose the rest frame for the fourmomentum, i.e. P M = (M, 0, 0, 0). In such a way we 



obtain the algebra (|1.3| ) in the following U(2) invariant form 

{Q A) Q B } = M5 AB) (2.1) 

Further we use the U(2) transformations (space rotations 50(3) = SU(2) plus internal 
U(l)) to transform the central charge matrices to the form (U G U(2); see 



Z = UZ^U\ ^ (0) =(o ° b )=xl + ya 3 (2.2) 

where a and b are real and positive, x — |(a + b), y = \{a — b). 
Introducing the fourdimensional Majorana spinor 

Qa 



■A 

one obtains for the matrix of commutator of supercharges 



Qo = ( Qt ) (2-3) 
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with 



det S = (M 2 -a 2 ) (M 2 -b 2 ), 



(2.5) 



The matrix S can be diagonalized and the number of supersymmetries acting nontrivially 
corresponds to the number of nonvanishing diagonal elements of the matrix S (compare 
e.g. with p5|). Thus we should consider the following three cases: 

1. If M 7^ ±a and ±i there are four nontrivial supersymmetries. The diagonal 
form of the matrix fl2~3]) is diag(a + M, a - M,b + M,b - M). 

2. If M = ±a or M = ±6, but a ^ b, then one of the eigenvalues is equal to zero. 
Denoting the corresponding charge by Q nuU one gets {QnuiuQtuii} = an d, if 
Qn U u\0 >= and Q nu ii\0 >= |1 >, one obtains that | < 1|1 > | 2 = 0. Assuming 
that the representation space of our superalgebra is span by the positive norm states, 
we should discard Q nu ii as generating trivial representations. 

3. If a = b and m = ±a only two supercharges generate nontrivial representations, i.e. 
we obtain only iV = | D = 4 supersymmetries. 

M = 0: 

In such a case, using the light-cone frame P m = (p, 0, 0,p) (p — |p| = p one gets) 

{Qa,Q\} = S A1 5 B1 2p, (2.6) 

In our framework the supercharges Q2 generate trivial representation space. If we assume 
that does exist a nontrivial Clifford vacuum (Q||0 >2= 0, 2 < 10 >2= 1,) then we 
obtain from 2 < OIQ2IO >2= Z22 2 < 10 >2= that Z 22 = Z22 = 0. 
We shall assume further that 

Z AB Z AB = Z Ab Z Ab = 0, (2.7) 

what implies Z12 = 0. Thus we arrive at the algebra with all nontrivial relations being 
collected in Qx, Q[ sector 

{Q 1 ,Q\} = 2p, Ql = Z n , Q\ 2 = Z n . (2.8) 

Because the relations ( |2.8j ) are invariant under the phase transformations Q\ e ia Qi, 
Z\\ — > e 2ia Zu, one can fix the central charge Z\\ to be real Z\\ = Z^\ = r. Introducing 

R+ = ^(Qi + Qt), R- = ±(Qi-Qt), (2.9) 

one gets 

{R+, R + } = M + = (p + r), {R_, = M_ = (p - r), (2.10) 

{i? + ,i?_} = 0. 
We can distinguish the following two cases: 

1. r p. In such a case we have two nontrivial supersymmetries (as in the case r = 0). 
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2. r = ±p. In such a case remains only one nontrivial supersymmetry. Such a case 
can be described in covariant way by the spinor ansatz ( |1.9| ) It can be shown that 
the corresponding tensorial central charge can be expressed by Eq. (|1.6|) where 



Km = \ot A K A ^ K AB = 2{X A fi B + Va\ b ) (2.11) 

and \ A fiA = 1. In our special coordinate frame we should choose K m = (0, 1, 0, 0). 

We see therefore that the presence of tensorial central charges can reduce the number 
of nontrivial supersymmetries to one. In the dynamical model this should be realized by 
the presence of additional third K-symmetry. In the next section we consider the relations 
(|1.9|), and, thus, (|1.6| ) and ( [2. lip , built in as the dynamical constraints. 



3 Generalization of Ferber— Shirafuji superparticle model: 
spinor fundamental variables and central charges 



We generalize the model presented in [O as follows 



S = Jdr (\ A \ B Tlf + \a\b^ B + X A ^b n^) , (3.1) 



where 



with 



u AB = dru AB = dx AB + i (d& A e B - e A de B ) , 

U AB = drll AB = dz AB - i B^ A dO B ^ , ' (3.2) 

W AB ee drIi AB = dz AB - % & A dQ B ^ , 

are the supercovariant one-forms in D = 4, N = 1 generalized flat superspace 

M (4+6|4) = {Y M | _ {(x AA ? Z AB^ -AB, @ A @A )}; (33) 

with tensorial central charge coordinates (|1.4j)). The complete 

configuration space of the model (|3.1|) contains additionally the complex-conjugate pair 
(A a, A^) of Weyl spinor s 

^(4+6+414) = {gM} = {{ yM. ^ x A )} = { ^AA ? ^AB . ^ ^A. Q A ? qA^ 

Calculating the canonical momenta 

BL - ■ 

V m = ^m = ( P aA, Zab, Z ab - P a , P a ; tt a , vt a ), (3.5) 



dq 



2 Gauge fixing corresponding to ( [2.§| ) is given by 

1 
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we obtain the following set of the primary constraints 



(3.6) 
(3.7) 
(3.8) 
(3.9) 

D A = -n A + tP AB Q B + %Z AB Q B = 0, (3.10) 
D A = 7t A - i® B P BA - iZ AB Q B = 0. (3.11) 



®AB = 


Pab 


— ^A^ B 


= 0, 


®AB = 


Zab 


— X A X B 


= 0, 


®AB = 


z ab 


~ ^A^B 


= 0, 


Pa = 


= 0, 


Pa = 


0. 



Because the action (|3.1|) is invariant under the world line reparametrization, the canon- 
ical Hamiltonian vanishes 

H = q M V M -L(q M ,q M ) = (3.12) 

It can be deduced that the set (|3.6| )- (|3.11|) of 14 bosonic and 4 fermionic constraints 
contains 6 bosonic and 3 fermionic first class constraints 

B\ = X A X B P AB = 0, (3.13) 

B 2 = X A fP AB - X A fi B Z AB = 0, (3.14) 

B 3 = (B 2 )* = fi A X B P AB - X A fz AB = 0, (3.15) 

B 4 = 2fi A ffP AB - fL A fi B Z AB - fi A fz AB = 0, (3.16) 

B 5 = X A X B Z AB = 0, (3.17) 

B 6 = (B 5 y = X A X B Z AB = 0, (3.18) 

Fi = X A D A = 0, (3.19) 

F 2 = (F 1 )* = X A D A = 0, (3.20) 

F 3 = fl A D A + f l A D A = 0, (3.21) 
where we assume that X A fi A ^ and 



i.e. X A fi A = X A p, = 1. One can show Q that our first class constraints ( |3.13j ) - ( |33 
can be chosen for any particular form of the second spinor fi A as a function of canonical 
variables (q M ,VM)- Further we shall propose and motivate the choice for fi A , p, A . 

The remaining 8 bosonic and 1 fermionic constraints are the second class ones. They 

are 

X A fP AB + X A fi B Z AB = 0, fi A X B P AB + X A fz AB = 0, (3.23) 

3 We recall |22] that the first class constraints are defined as those whose Poisson brackets with all 
constraints weakly vanish. Then one can show p2| that the first class constraints form the closed algebra. 
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fi A fi B Z AB -1 = 0, I ip iZ Ab -1 = 0, (3.24) 
P A = 0, P A = 0, (3.25) 

S p = fi A D A - fi A D A = 0, (3.26) 
We see that the number of on-shell phase space degrees of freedom in our model is 

# = (28 B + 8 F ) - 2 x (6 B + 3 F ) - (8 B + If) = 8 b + 1 f (3.27) 

in distinction with the standard massless superparticle model of Brink-Schwarz [|l£j or 
Ferber-Shirafuji [[10], [11]] containing 6 B + 2 F physical degrees of freedom. 

In order to explain the difference in the number of fermionic constraints, let us write 
down the matrices of Poisson brackets for the fermionic constraints (pTTO), ( |3.11| ). In our 
case it has the form 

r _({D A ,D B }p {D A ,D B } P \ _ f \ A \ B X A X B \ , , 

^-{{D a ,Db}p {D A ,D B }p)- Zl \X A X B X A X B ) ^> 

while for the standard FS model |IT], [□]] we obtain 

c ™ = 2i (x°x B "t) < 3 ' 29 ' 

Now it is evident that in our case the rank of the matrix C is one, while for FS model it 
is equal to two 

rank(C) = 1, rank(C FS ) = 2. 

Consequently, in our model there are three fermionic first class constraints generating 
three K-symmetries, one more than in the FS model. 

In order to clarify the meaning of the superparticle model ( |3.1| ) and present an explicit 
representation for its physical degrees of freedom, we shall demonstrate that it admits the 
supertwistor representation in terms of independent bosonic spinor \ A , bosonic spinor \i A 
being composed of A A and superspace variables 

= ^.ab + z qAqB^ ^ + 2z AB X B + iQ A (B B \ B ), (3.30) 

j! A = (x BA - tO B Q A ) \ B + 2^A B - iQ A Q B X B (3.31) 
and one real fermionic composite Grassmann variable ( 

C = Q A X A + Q A X A (3.32) 



Eqs. ( |3.30D -( |3.32| ) describe ©^(Sl^-supersymmetric generalization of the Penrose corre- 



spondence which is alternative to the previously known SU(2, 2|1) correspondence, firstly 
proposed by Ferber |TD[. Performing integration by parts and neglecting boundary terms 



we can express our action (|3.1|) in terms of OSp(8\l) supertwistor variables as follows: 

S = - J (fi A dX A + ft A dX A + idC C) • (3.33) 



7 



Eq. (p. 33 ) presents the free 0Sp(8\l) supertwistor action. It can be rewritten in the 
form (|1.7| ) with real coordinates Y A = (fi a , X a , () where real Majorana spinors X a are 
obtained from the Weyl spinors (X A ,X A ) by a linear transformation changing 

for the D = 4 Dirac matrices the complex Weyl to real Majorana representation. 
The action ( [3.331 ) produces only the second class constraints 



r A 


- Ha = 0, 


-'A 


5(A) 
A 


- ha = °> 


A 




ttW = i 


C 



0. 



0. 



6 A > 



(3.34) 

(3.35) 
(3.36) 

(3.37) 
(3.38) 



The Dirac brackets for the OSp(8\l) supertwistor coordinates are 

[Ha, ^ B ]d = 5/, [fi A , ^ B }d 
{C,C}d = -* 

They can be also obtained after the analysis of the Hamiltonian system described by 
the original action ( |3.1| ). For this result one should firstly perform gauge fixing for all 
the gauge symmetries, arriving at the dynamical system which contains only second class 
constraints, and then pass to the Dirac brackets in a proper way (see [I7|| for corresponding 
analysis of the BS superparticle model). This means that the generalization of the Penrose 
correspondence (|3.30| ), Q3.31 ), (|3.32|) should be regarded as coming from the second class 
constraints (primary and obtained from the gauge fixing) of the original system and, thus, 
should be considered as a relations hold in the strong sense (i.e. as operator identities after 
quantization) ||22| . Hence, after the quantization performed in the frame of supertwistor 
approach, the generalized Penrose relations ( |3.30|) , (|3.31|) , (|3.32|) can be substituted into 
the wave function in order to obtain the D = 4 superspace description of our quantum 
system. 



We shall discuss now the relation of Eq. ( |3.30| ), ( |3.31| ), ( |3.32| ), ( |3.33| ) with the known 
FS 5*7(2,211) supertwistor description of the BS superparticle 0, 0, f0| 0, 0, 0. 
The standard FS description is given by the action 



S = - J (fi A 'd\ A + fi A ' d\ A + id£ f ) 
supplemented by the first class constraint 







(3.39) 



(3.40) 



The SU(2,2\1) supertwistor (X A , ^) , contains complex Grassmann variable £ and 
the super symmetric Penrose-Ferber correspondence is given by 



-A/ 



IX- = (x BA -ie B e A )x B 



(3.41) 



£ = Q Xa, £ = Q A X A . (3.42) 

Comparing Eqs. ( p.39|) - (|3.42|) with our OSp(8\l) supertwistor description (|3.30|) - 
( p.33| ) of the superparticle ( |3.1| ) with additional central charge coordinates, we note that 
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Besides additional terms proportional to tensorial central charge coordinates z , 
z AB , there is present in Q3.31D the second term quadratic in Grassmann variables. 
This second term, however, does not contribute to the invariant fj, X A - 

In our model we get 

fi A X A -ft A \ A = 2X A X B z AB - 2X A XgZ AB + 2iQ A X A Q A X A (3.43) 

i.e. we do not have additional first class constraint generating U(l) symmetry 
(compare to ( |3.4U| ) of the standard supertwistor formulation). Thus our action 



(|3.33|) is not singular in distinction to ( |3.39|) , where the first class constraint (|3.40| ) 



should be taken into account, e.g. by introducing it into the action with Lagrange 
multiplier Jl8| . 



The complex Grassmann variable £ (|3.42|) of FS formalism is replaced in our case by 
the real one ( Q3.32 ). This difference implies that in our supertwistor formalism the 



limit z AB — > 0, z AB — > does not reproduce the standard SU(2, 2|1) supertwistor 
formalism. Indeed, this is not surprising if we take into account that, from algebraic 
point of view, S77(2,2|l) is not a subsupergroup of OSp(8\l). 



4 D = 4 Rudychev-Sezgin model in spinor represen- 
tation 

Recently the most general superparticle model associated with space-time superalgebra 
TTTJ) was proposed by Rudychev and Sezgin |20| . Introducing generalized real superspace 



(X af3 , Q ) they consider the following action 

S = JdrL = Jdr (p aP nf + ^e Q/3 P^ C, s P 5 ^ , (4.1) 

where U.^ = X a/3 — 9^ a 9^ (a = C is the charge conjugation matrix and e Qj a is the 
set of Lagrange multipliers, generalizing einbein in the action for standard Brink-Schwarz 



massless superparticle [19 



Generalized mass shell condition, obtained by varying e a /3 in (|4.1|), takes the form 

P ai C lS P 5p = . (4.2) 



In [^0] the model ( f4.1| ) was applied for exotic space-times with more then one time-like 



dimensions (for D = 4 there was considered the model with signature (2, 2)). However, it 
can be considered as well in the frame of one-time physics. If we choose for a, (3 = 1, ... 4 
the charge conjugation matrix C a p and the Lagrange multiplier e a p to be antisymmetric, 
we obtain from (|4.1| ) the D — (1 + 3)-dimensional model. 

The Lagrange multiplier e a p = —ep a and the generalized momenta P a p = Pp a can be 
decomposed as follows 

e a p = C aP \{e + e) + (C 75 ) a/3 \{e - e) + (Cj 5 ^) a ^ e» , (4.3) 
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-af> = (Cr) aP P, + (Can aP Z,* , (4-4) 

Using the decomposition (|4.3|), ( |4.4| ) and the Weyl spinor notations we can write the 
action for the general D = 4 Rudychev-Sezgin model as follows 



dr (n AB P AB + ^r B Z AB + n^Z 



AB 



S = J drL~- 

+ee AB (P AC P B C - Z AC Z B C ) + ee AB (P CA P C B - Z AC Z B C 



(4.5) 



+ie 



B 



(z ac p cb 



p yBC 
r AC^ I : 



The fermionic constraints are identical with the ones present in our model ( |3.1U| ), ( |3.11| ) 
and the bosonic constraints are given by Eq. ( |4.2| ), which in the Weyl spinor notation 
reads 



D r>AB _ rv rr A B _ ry ry A B 

r AB r — Zj AB Zj — Zj auZj 



y pCB 



J AB< 



(4.6) 



PacjZ 



BC 



The spinorial formulation of the Rudychev-Sezgin model can be obtained by expressing 
P AB , Z AB and Z AB in terms of spinor coordinates. 

Using the technique of spinor Lorentz harmonics ||23|| , one can show that the general 
solution of the constraints (fO|) has the form 



Pab ~ ^a^b + u au b 



Z AB = ZX A X B + Zu A u B =F i (X A u B + Xbu a ) J\Z 



(4.7) 



7j ab = Z\ A \ B + Zu A u B ± i (\ A u B + \ B u A ) 

,A\2 



1 . 



It is easy to see that 

P AB P AB = M 2 = \X A u A \ 2 . (4.8) 

Thus, if X A u A = we obtain the model for massless superparticle. In such a case, because 
two Weyl spinors are proportional u A oc \ A , it is sufficient to consider only one spinor \ A . 
In such a case Eq. ( [4.7| ) acquires the form 



P 



AB 



Z AB — Z \ A \b 

what leads to the conditions 



AB 



P^ 



M = . 



ZabZ 



AB 



ZX A X B , 



-7 rv A B 

^AB^ 







(4.9) 



(4.10) 



and the covariant constraints ( |4.6|) are certainly satisfied. 

Our model ( |3.1| ) appears when Z — 1, while the standard FS model corresponds to 
Z = 0. It can be shown that if Z ^ 1, there are two fermionic first class constraints, 
and thus the model possesses two fermionic gauge symmetries (^-symmetries). Only if 
Z = 1 we arrive at the model with three /t-symmetries, which, in the brane language, 
corresponds to the preservation of iV = 3/4 target space supersymmetries. 
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5 Higher— dimensional Generalization. 



It is quite interesting to consider a generalization of our model to D > 4. For any D 
the extension of our generalization of the Cartan-Penrose representation ( |1.9|) with one 
D-dimensional bosonic spinor A^ looks as follows 



P al 3 = X a \p, (X a )* = X a , a = l,...2 fc . (5.1) 

where ( [Op is obtained if k — 2. The expression (54.) solves the BPS condition detP a p = 
as well as more strong Rudychev-Sezgin BPS constraint ( }4.2| ) valid in the model ( |4.1| ) with 
antisymmetric charge conjugation matrix C (C a p = —Cp a ). 

Using QS.lp we get the multidimensional generalization of our action ( |3.1| ) which reads 



S= [ X a X Tl af3 (5.2) 

JM 1 



n Q/3 = dx al3 -idQ {a ®v\ 

a = 1,...,2* 

and for k = 2 we get the action (|3.1| ). 

The case k = 4 can be treated as describing spinorial D — 10 massless superparticle 
model with 126 composite tensorial central charges Z mi ...m 5 (cf. with Indeed, using 

the basis of antisymmetric products of D = 10 sigma matrices we obtain 

X a X/3 = Pa/3 — Pm^/3 + ^mi ...rfi5°"/fa " ^ > (5-3) 

Contraction of this equation with cr mQ/3 produces the expression for momenta in terms of 
bosonic spinors 

P m = ^X a a^Xp P m P m = 0. (5.4) 

16 

The mass shell condition P m P m = appears then as a result of the D — 10 identity 



The action (5^) for k = 8 can be treated as describing a 0-superbrane model in D — 11 
superspace with 517 composite tensorial central charge described by 32 components of one 
real Majorana D — 11 bosonic spinor. In distinction to the above case such model does 
not produce a massless superparticle []. Indeed, decomposing flOl) in the basis of products 
of D = 11 gamma matrices, one gets 

\ \ _ p pro , y pmim 2 , y j^m 1 ...m 5 /p- p-\ 

A a Ap — -Tni*- a/3 -T Am 1 m 2 L (3a z, mi...m 5 i /fa , 

The .0=11 energy- momentum vector is then given by 

P m = ^A Q r ma % (5.6) 
and the D = 11 mass-shell condition reads 

M 2 = P m P m = Y^(Ar m A) (Ar m A) (5.7) 



Note, that the D = 11 Green-Schwarz superparticle model does exist and was presented in EC 
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Using the D = 11 Fierz identities one can prove that the mass shell condition acquires 
the form 

M 2 = P m P m = 2 Z mn Z mn - 32 5! Z m ^Z mi ... m5 (5.8) 

with Z mn g^Ar mn A, Z mirrl5 3275T Ar mi ... m5 A. 

If we take into consideration that the equations of motion for our model ( |5.2| ) imply 
that the bosonic spinor X a is constant (dX a = 0), we have to conclude that ( |5.2| ) with 
k = 8 provides the D = 11 superparticle model with mass generated dynamically in a way 
similar to the tension generating mechanism, studied in superstring and higher branes in 

Performing the integration by parts we can rewrite the action ( |5.2|) in the OSp{l\2 k ) 
(i.e. OSp(l\lQ) for D = 10 and OSp(l\32) for D = 11) supertwistor Y A = (/i Q , () 
components: 

S = - f(ti a d\ a + id( C), a = l, ...,2 fc . (5.9) 

The generalized Penrose-Ferber correspondence between real supertwistors and real gen- 
eralized superspace looks as follows 

fl " = x aP x -ie a {e p Xi 3 ), ( = Q a x a . (5.10) 

More detailed discussion of higher dimensional case will be given in our subsequent 
publication. 



6 Final remarks 

In this paper we proposed and discussed in some detail a new D = 4 massless superparticle 
model with three K-symmetries. These K-symmetries correspond to target space super- 
symmetries preserved by the BPS configuration. The BPS configurations are identified 
usually with some supersymmetric branes or their intersections j|, [3], |6], |I3| . The trivial- 
ity of realization of a part of target space supersymmetry is explained by the presence of 
the corresponding number of fermionic gauge K-symmetries. Thus our case corresponds 
to BPS configurations preserving 3/4 of the target space supersymmetry. Such config- 
urations were not known before, as the usual superbranes conserve not more then 1/2 
supersymmetries, while their intersections keep 1/4 and less supersymmetries. 



We would like also recall that in the 'M-theoretic' approach (see e.g. |27| , 0, |13|) the 
tensorial central charges Z mi .„ mp are considered as carried by p-branes. Following such 
treatment, one should interpret e.g. in D = 4 central charges Z^ as an indication of 
presence of D = 4 supermembrane (p = 2). The relation of our superparticle model with 
such D = 4 membrane states is not clear now and can be regarded as an interesting subject 
for further study. Here we should only guess that there should be some singular point- 
like limit of supermembrane, which should keep the nontrivial topological charge and 
increase the number of preserved (realized linearly) D = 4 target space supersymmetries. 
Similar limiting prescription should be possible e.g. for 5-branes in D — 10, 11 leading 
to the D = 10 and D — 11 superparticle actions ( |5.2j ) with the relation ( [5.1| ) describing 
composite tensor charges. 
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At the end of the paper (see ( |5.9|) , (|5.10| )) we only proposed a generalized FS model 
for D > 4. We shall consider in more detail the cases of D = 10 and D = 11 (as well as 
D = 12 with two times ||, p0| ) in the nearest future. 
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